The middle wall protein gene of Bacillus brevis 47 has two potential translation initiation sites located tandemly in the same reading frame. We demonstrate here that both sites are utilized to start translation in B. brevis 47. Translation from the first site (located upstream) gives rise to a precursor of the middle wall protein with an extension peptide of 31 amino acids preceding the signal peptide. The precursor was cleaved at the same position as that of the precursor translated from the second site. The TTG codon seems to play an appreciable role in the initiation of translation in B. brevis 47. (14, 15, 18) . The MWP and outer wall protein genes constitute a transcriptional unit (a cell wall protein [cwp] operon). The promoter region and signal-peptide-coding region of the MWP gene have been used for the highly efficient production of mammalian proteins in B. brevis (19) . The promoter region of the cwp operon has a very complex structure containing several tandemly arranged promoters and one inverted repeat (1, 18) . These promoters probably play distinct roles in growth-phase-specific expression (1). Another noticeable feature of the MWP gene is that it contains two possible translation initiation sites (Fig. 1) . Each of the sites contains an initiation codon, TTG and ATG, and a sequence highly homologous to the 3' end of B. brevis rRNA (SD1 and SD2) (6). We previously reported that an MWPa-amylase fusion protein was efficiently synthesized when the first translation initiation site (the one located upstream, TTG and SD1) was deleted (18). This suggested that MWP is synthesized from the second site (SD2 and ATG) as a precursor with a signal peptide of 23 amino acid residues. It is of particular interest to determine whether MWP is also synthesized from the first site because the precursor MWP translated from the first site should have an NH2-terminal extension of 31 amino acid residues preceding a typical signal peptide. In this paper, we present evidence that the first site is also utilized in B. brevis 47.
The middle wall protein gene of Bacillus brevis 47 has two potential translation initiation sites located tandemly in the same reading frame. We demonstrate here that both sites are utilized to start translation in B. brevis 47. Translation from the first site (located upstream) gives rise to a precursor of the middle wall protein with an extension peptide of 31 amino acids preceding the signal peptide. The precursor was cleaved at the same position as that of the precursor translated from the second site. The TTG codon seems to play an appreciable role in the initiation of translation in B. brevis 47.
Most secretory proteins are produced from precursors with an NH2-terminal extension called a signal peptide that is cleaved during their translocation across the membrane. Although there are differences in the primary structures of signal peptides, they all share certain structural features: basic amino acid residue(s) near the NH2 terminus and a core sequence of 10 to 15 hydrophobic amino acids (5, 16) . We found an interesting NH2-terminal structure in one of the major cell wall proteins, the middle wall protein (MWP), in Bacillus brevis 47. The cell wall of B. brevis 47 is composed of three layers, a thin peptidoglycan inner layer, a middle layer of MWP, and an outer layer of outer wall protein (17) . The MWP and outer wall protein genes have been cloned, and their DNA sequences have been determined (14, 15, 18) . The MWP and outer wall protein genes constitute a transcriptional unit (a cell wall protein [cwp] operon). The promoter region and signal-peptide-coding region of the MWP gene have been used for the highly efficient production of mammalian proteins in B. brevis (19) . The promoter region of the cwp operon has a very complex structure containing several tandemly arranged promoters and one inverted repeat (1, 18). These promoters probably play distinct roles in growth-phase-specific expression (1). Another noticeable feature of the MWP gene is that it contains two possible translation initiation sites (Fig. 1) . Each of the sites contains an initiation codon, TTG and ATG, and a sequence highly homologous to the 3' end of B. brevis rRNA (SD1 and SD2) (6) . We previously reported that an MWPa-amylase fusion protein was efficiently synthesized when the first translation initiation site (the one located upstream, TTG and SD1) was deleted (18) . This suggested that MWP is synthesized from the second site (SD2 and ATG) as a precursor with a signal peptide of 23 amino acid residues. It is of particular interest to determine whether MWP is also synthesized from the first site because the precursor MWP translated from the first site should have an NH2-terminal extension of 31 amino acid residues preceding a typical signal peptide. In this paper, we present evidence that the first site is also utilized in B. brevis 47.
The 5' region of the MWP gene was fused to the Bacillus licheniformis ot-amylase gene by inserting the 600-base-pair AluI-AluI fragment containing the 5' region of the MWP gene into the EcoRI-PstI site of pTA200 (1) DNA polymerase and oligonucleotide linkers (plasmid pMA1) (Fig. 2 ). For site-directed mutagenesis, the EcoRIHpaI fragment of pMA1 was subcloned onto M13 mpl8 or mpl9 (10) . Oligonucleotides (5'-CGACCTTTTTGATAAC CTTG-3' and 5'-GACACGCGCATGCAGGATTC-3') were synthesized with an ABI 381A DNA synthesizer (Applied Biosystems) and used to obtain pMA11 and pMA15, respectively, with the aid of an oligonucleotide-directed in vitro mutagenesis system (Amersham Corp., Amersham, England). The HpaI-EcoRI fragment of pMA1 was replaced by a mutagenized HpaI-EcoRI fragment. The resulting plasmid, pMA11, contained ATC (Leu) instead of the initiator codon ATG (Fig. 3) . Plasmid pMA13 is the same as pMA11 except that the T located just upstream of the ATC was deleted (Fig.  3 ). Extracellular ox-amylase production was measured as previously described (18) after the bacteria were grown in T3 medium for 1 day at 37°C. B. brevis 47 carrying pMA1 and pMA11 produced 35,700 and 9,100 U of a-amylase per ml, respectively. On the other hand, B. brevis 47 carrying pMA13 did not produce a significant amount of a-amylase. The intracellular a-amylase levels were less than 1% of the extracellular levels. These data showed that the first initiation codon, TTG, is used in B. brevis 47 and that MWPox-amylase was synthesized in B. brevis 47(pMA11) in a form with an NH2-terminal extension of 31 amino acid residues preceding the signal sequence. The extension peptide is rich in charged residues (seven positively and four negatively charged residues). a-Amylase production by B. brevis 47 carrying pMA11 (9,100 U/ml) was 26% of that by B. brevis 47 carrying pMA1 (35,700 U/ml). To examine the influence of the difference in initiation codons, the TTG of the first site was changed to ATG. The resulting plasmid, pMA15, was introduced into B.
brevis 47. cx-Amylase production by B. brevis 47 carrying pMA15 (12,400 U/ml) was 1.4 times higher than that by B. brevis 47 carrying pMA11 (9,100 U/ml). This indicated that TTG is used as an initiation codon efficiently in B. brevis 47, although ATG is used more frequently than TTG. In Escherichia coli, the use of TTG as an initiation codon resulted in much lower expression than did the use of ATG (7) . TTG might be of more importance as an initiation codon in B.
brevis 47 than in E. coli, as reported previously for Bacillus subtilis and other gram-positive bacteria (4) .
We next examined whether the precursor protein with the NH2-terminal extension preceding the signal sequence was 511 JOURNAL OF BACTERIOLOGY, Jan. 1990 cleaved during its transport. B. brevis 47 carrying pMA11 was grown in 2 liters of T2 medium supplemented with 100 ,ug of uracil and 10 ,ug of erythromycin per ml at 37°C for 30 h with vigorous shaking. The MWP--a-amylase fusion protein was purified by the method described previously (18) with several modifications. After removal of the cells by centrifugation, ammonium sulfate was added to the culture supernatant to 60% saturation. The precipitate was collected by centrifugation, dissolved in 40 ml of 50 mM Tris-acetate buffer (pH 7.5), and then dialyzed at 4°C against 2 liters of 10 mM Tris-acetate buffer (pH 7.5). The dialyzed sample was heated at 70°C for 30 min, and the precipitate was removed by centrifugation. The supernatant was subjected to successive DEAE-cellulose and TOYOPEARL HW555 (Tosoh, Tokyo, Japan) column chromatographies and chromatography on a Mono Q HR5/5 column with a fast protein liquid chromatography system (Pharmacia, Uppsala, Sweden). After these steps, the fusion protein, which gave a single band on sodium dodecyl sulfate-polyacrylamide gel electrophoresis, was obtained in a yield of 4%. The NH2-terminal amino acid sequence of the fusion protein was determined with an ABI 120A PITH sequence analyzer (Applied Biosystems). The determined NH2-terminal amino acids of the fusion protein were the same as the sequence from Ala at + 1 to Asp at + 10 ( Fig. 2, box) . This showed that the protein containing the NH2-terminal extension preceding the signal peptide is cleaved at the same position (Fig. 2, arrowhead) as the protein translated from the second translation initiation site.
Thus, all of the results described here clearly demonstrated that both translation initiation sites of the MWP gene are utilized in B. brevis 47, resulting in the synthesis of the two forms of secretory precursors. Both precursors are cleaved at the same position and give rise to mature proteins with the same NH2 terminus. The precursor synthesized from the first translation initiation site has an unusual NH2-terminal extension of 31 amino acids preceding the typical signal peptide. The precursor is definitely distinct from those containing noncleaved signal sequences (2, 8, 9) . The unusual NH2-terminal extension resembles those found in precursors of insulinlike growth factors, which are also rich in charged residues and conserved between humans and rats (12) . However, their amino acid sequences are not homologous to the extension peptide described here. The biological functions of these extension peptides are unknown at present. Two translational initiation sites which lead to the synthesis of two protein species with different NH2 termini have been found in the nifl3 (11) and mcrB (13) genes of E.
coli. Although the deletion of the first translation initiation site of the MWP gene did not result in a marked reduction of translation efficiency under the growth conditions so far examined (18) , the MWP gene containing the deletion tends to be lost from the plasmids, suggesting its deleterious effect on host cells. The extension peptide may play important roles in nature. Among four B. brevis strains (47, HPD31, HPD52, and HP033), the nucleotide sequence of the 5' region of the cell wall protein gene is strikingly conserved, including the multiple promoter region and translation initiation sites (all the strains have two possible translation initiation sites in the same reading frame and highly homologous amino acid sequences of their NH2-terminal extension peptides [S. Kagiyama, A. Tsuboi, H. Takagi, Y. Naruse, H. Yamagata, N. Tsukagoshi, and S. Udaka, manuscript in preparation]). In contrast, the nucleotide sequences encoding the mature cell wall proteins and their cell wall structures are considerably different (3). The first translation initiation site and the NH2-terminal extension of the cell wall protein may be important under some specific growth conditions in which translation from the second site is somehow repressed.
